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tertiary structure of hRSV and the known crystal
structure of Ebola virus matrix proteins. This
similarity at the level of tertiary structure may be
more general, but given the limited availability of
crystal structures of matrix proteins, such conclu-
sions cannot be drawn at present.
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ABSTRACT
MOP-UP is a web-based application that enables
efficient searching of nucleic acid or amino-acid
alignments for sequences or motifs that are unique
to a subset of the members represented in the
alignment. This has applications in the design of
assays that aim to detect particular strains or
species. Since molecular-based characterisation of
microbes is becoming increasingly important,
MOP-UP can aid microbiologists in finding the
best loci on which to base such assays. The
program is accessible at: http://www.hpa.org.
uk/srmd/bioinformatics/tools/mop-ups.htm.
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Molecular-based species and strain characterisa-
tion is a major component of infectious disease
management. Several approaches have been
developed over the last 20 years to establish
high-resolution nucleic acid-based typing. These
vary from gross chromosome digestion or ran-
dom amplification to gene- or motif-specific tar-
geting. The latter is the preferred approach, as it
allows the incorporation of physiological, patho-
logical and taxonomical information into the
process of target selection, thereby providing the
most informative ways of discriminating between
taxa.
Molecular tests for microbial identification or
characterisation usually rely on sequence differ-
ences between strains or species at a common
genetic locus or loci [1,2]. The first step in assay
design is therefore to identify a suitable genetic
locus by selecting genes that are known to vary
between the organisms of interest. This can
involve evaluation of potentially variable genes
after nucleic acid database interrogation, or
empirical testing of genes identified by whole
genome comparisons. Subsequently, the sequence
of the locus selected is obtained from several
isolates covering the breadth of variation that is
likely to be encountered among strains of the
target organism. Assay primers and probes are
then designed, based on alignments of these
sequences, which are constructed using appropri-
ate software, followed by manual modifications in
order to optimise the alignment. The alignments
are then searched for sequence patterns that are
type-specific. For example, primers may be
required that bind only to sequences derived
from a certain bacterial type, and therefore only
amplify products from isolates of that type during
a PCR. Alternatively, primers can be designed to
amplify products from all isolates; this is followed
by the recognition of a type-specific internal
sequence, either with molecular probes or by
sequencing the region of interest.
In this process, the task of analysing the DNA
alignment to find the type-specific regions is the
most laborious stage. Searching the alignment for
suitable regions ‘by eye’ is almost impossible for
large alignments, and even for small alignments it
is difficult to deduce themost informative loci. The
aim of the present study was to develop software
to allow the user to automatically find type-
specific sequences more speedily and with less
manual intervention. MOP-UP (Motifs Or Primers
Unique to Pooled sequence sets) is a web-based
program that allows automation of this process so
that a user can quickly find sequences matching
specified criteria. It is freely available at http://
www.hpa.org.uk/srmd/bioinformatics/tools/
mop-ups.htm. The source code for the perl scripts
is also available on request from the authors.
In order to make the program available as
widely as possible, a web-browser user interface
to perl cgi scripts was chosen. Because of the wide
range of sequence manipulation functions
provided by BioPerl, many of its modules were
used for basic sequence import and analysis. The
steps taken when using the program are as
follows:
• Initially, in the web form, the user specifies an
alignment, either by uploading a file or by
‘pasting’ into a box on the form, and stipulates
the number of groups of sequence types con-
tained in the alignment.
• This alignment is processed to show a list of
sequences, with a selection option for each of
the possible groups to which the sequence may
belong. The user must specify one group for
each sequence, and then choose the group for
which to design probes or primers.
• The properties for the primers must then be
specified. These include the primer annealing
temperature (calculated approximately from
the nucleotide base composition by the formula
[(S(A + T) · 2] +[ S(G +C) · 4)], the number of
bases that must be conserved at the 3¢-end of
the primer, and, most importantly, the percent-
age identity limits for sequences within and
outside the group. The former requires that a
primer must have a percentage identity of at
least the specified value when compared with
each of the sequences within the group,
whereas the latter specifies the maximum per-
centage identity for sequences not present in
the group.
• Once these parameters have been completed,
the user selects ‘find primers’. A list of primers
is then returned in order of their position on the
alignment. The various parameters for each
primer will be displayed, allowing the user to
assess the suitability of each primer (Fig. 1).
• When a primer sequence is selected, an align-
ment of the primer with the original user-
specified alignment is displayed. This is
another way by which the primers can be
judged.
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MOP-UP also allows the user to specify a
protein alignment and to search for species-
specific amino-acid motifs rather than primers.
The motifs that distinguish groups of sequences
could be those that change protein function or
antigenicity.
The MOP-UP program has been used to iden-
tify strain-specific PCR primers for an assay to
determine the toxin type of an isolate of Clostrid-
ium botulinum. These primers were at least 80%
identical within a group of sequences that repre-
sented one of the seven toxin types, but showed
no more than 40% identity to the sequence of a
toxin type outside of the group. The program has
also been applied to the investigation of protein
sequences encoded by the fliC gene of Salmonella,
which is a component of flagellin serotyping.
Over 100 sequences of the fliC gene revealed 29
different alleles. Use of MOP-UP on an alignment
of the deduced amino-acid sequences found
polymorphisms that were postulated to be sero-
type-specific. An assay based on pyrosequencing
technology was used to detect these polymor-
phisms, of which 23 were reliably and reproduc-
ibly serotype-specific (C. K. B. Mortimer, personal
communication).
MOP-UP makes the task of searching align-
ments for regions that could determine strain or
type specificity much quicker and more efficient.
It can be used to speed up the process of
designing experiments to exploit these regions.
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Fig. 1. Screen dump showing an
example of the primer list obtained
when using MOP-UP to search for
type-specific primers within an
alignment.
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